atize diagnostics, and as such, the more detailed the division, the more useful it is. On the other hand, the classifications of occlusal anomalies used in orthodontics come down to a qualitative assessment and do not allow orthodontists to measurably evaluate the need for orthodontic treatment based on the diagnosis. In order to obtain objective information about such needs or the effectiveness of treatment, it is necessary to use an indicator such as the Index of Orthodontic Treatment Need (IOTN), Peer Assessment Rating (PAR) and Index of Complexity Outcome and Need (ICON) [4] [5] [6] . To evaluate the need for orthodontic treatment, the IOTN is particularly useful; the index, based on the severity of individual occlusal anomalies, allows the patients to be classified into one of five groups: no need for treatment, slight need for treatment, moderate/borderline need for treatment, need for treatment, and definite need for orthodontic treatment. The IOTN is not based on any orthodontic classification and does not consider the diagnosis. The index value is determined by the presence and severity of anomalies belonging to one of five categories: missing teeth, overjet, crossbite, displacement of anatomical contact points and overbite [7] .
In view of the foregoing, it seems justified to make an attempt to find both (i) relationships between individual diagnosis and objective recommendation for treatment and (ii) an answer to the question whether and which malocclusions (identified on the basis of a given classification) play an important role in the objectification of treatment needs.
The aim of the study was to (i) determine which of the classifications of malocclusions, that is by OrlikGrzybowska or Ackerman-Proffit, play a more significant role in the objectification of treatment needs, and (ii) evaluate the possible impact of orthodontic treatment received in the past on the incidence of occlusal anomalies and current need for treatment.
Material and Methods
Two hundred three 18 year-old students (104 girls, 99 boys) from various secondary schools were examined upon prior written consent obtained from the principal of the corresponding school facility and upon confirmation that a certified school nurse is assigned to such facility. Individual classes were randomly selected. The nurse was responsible for preparing office and dental tools (mirrors) and complemented the medical records under the supervision of the orthodontist. All subjects gave their permission to be a part of the study, and were informed about the aim and method of the study as well as about the freedom of participation in the project. The individuals who were being treated orthodontically at the time of the study were excluded from the project (Fig. 1) , which was approved by the Bioethics Committee of the Wroclaw Medical University (opinion number KB -505/2008). The profile of the study group is shown in Table 1 .
In each case, the study was conducted by the same doctor, who was trained in the use of the Dental Health Component of the IOTN. Information about orthodontic treatment the subjects had received in the past was collected on the basis of the patient's medical history (anamnesis).
In order to recognize occlusal anomalies, two classifications were used, namely: [1] by OrlikGrzybowska and [2] the Ackerman-Proffit scheme. [3] .
According to the Ackerman-Proffit classification, the following malocclusions were diagnosed: − symmetry of the upper and lower arch, spacing and crowding (and their sum for a given arch; the size of crowding was determined as the difference between the sum of the tooth widths and the alveolar ridge length); − tooth relationships to the transverse plane (the presence of unilateral and bilateral crossbite); − anterior-posterior tooth relationships (evaluation of Angle's classes, overjet, diagnosis of anterior-posterior malocclusions); − tooth relationships in the vertical plane (anterior and lateral open bite diagnostics and anterior deep overbite diagnostics, evaluation of the overbite size) [2] .
Due to the lack of the first permanent molars, defining the Angle's class was impossible in the cases of 9 patients on the right side and in 12 patients on the left side.
The occlusal anomalies evaluated in this way were divided into: a) malocclusions belonging to both classifications such as: crossbite, Angle's classes, overbite, overjet, anterior and lateral open bite, anterior and complete deep overbite; b) malocclusions typical of classification by Orlik-Grzybowska such as: canine classes, dental malpositions, functional and morphological mandibular lateral displacement, partial and complete distoclusion, pseudo-distoclusion, functional and morphological retrusive occlusion, partial and total mesioclusion, pseudo-mesioclusion, functional and morphological protrusive occlusion; c) malocclusions typical of Ackerman-Proffit classification such as: symmetry of the upper and lower arch, spacing (in mm) and crowding (in mm).
In order to determine the objective need for orthodontic treatment, the Dental Health Component of the Index of Orthodontic Treatment Need was used. In accordance with the recommendations of the index authors, individual elements of occlusion were evaluated, including in particular: the presence of retained teeth or lack of buds, the size of overjet, crossbite, crowding severity (displacement of anatomical points of contact measured in millimeters) and size of overbite [7] . Linear measurements of the size of overjet, overbite, crowding and spacing were taken with a digital caliper to an accuracy of 0.1 mm. The values of the Dental Health Component and the corresponding occlusion characteristics are shown in Table 2 . DHC value = 1 means no need for orthodontic treatment, DHC = 2: slight need for treatment, DHC = 3: moderate/borderline need for treatment, DHC = 4: a need for orthodontic treatment, DHC = 5: definite need for orthodontic treatment [7] .
Statistical analysis was performed using the SPSS 16.0 (2008) and STATISTICA v. 10.0 (StatSoft Inc., 2011) software packages. Descriptive statistical analysis was performed. The distribution of qualitative parameters was determined using frequency tables. For quantitative traits, the measures of location, variability, asymmetry and concentration were defined. The adherence of quantitative variables to the normal distribution was evaluated using the Shapiro-Wilk test. The relationships between variables were analyzed using the chisquare test for independence. The Kruskal-Wallis and Dunn multiple comparison tests were used to identify intergroup differences. The significance level α = 0.05 was assumed. The results were considered statistically significant when the calculated probability p-value satisfied the inequality p < 0.05. In the final stage of data analysis, an attempt was made to build a statistical model that would illustrate the dependence of the IOTN DHC parameter on individual malocclusions. To this end, dependent variable regression techniques were used.
Results
The results of the study of the frequency of malocclusions according to the classification by Orlik-Grzybowska and the Ackerman-Proffit classification are summarized in Tables 3-6 .
The objective needs for orthodontic treatment were observed in 21.4% of the subjects, in which the IOTN was ≥ 4. Eighteen percent of students orthodontically treated in the past and 22.9% of untreated students required treatment. No need for treatment (DHC ≤ 2) was observed in 50.7% of untreated subjects and in 44.3% of subjects who had received treatment in the past (Table 7) . Due to concerns regarding the DHC evaluation, two cases were excluded from further analysis. There was no statistically significant relationship between orthodontic treatment received in the past and the value of DHC.
The relationships between malocclusions and the Dental Health Component values are shown in Tables 8 and 9 . The occurrence of the following malocclusions in the subjects with no orthodontic medical record, namely: abnormal overjet, crossbite, anterior or lateral open bite and Angle's class (only on the right side), had the greatest and statistically significant (p < 0.05) impact on an increase of treatment needs in the subjects (DHC > 3). In patients who had undergone orthodontic treat- increased overjet > 9 mm extensive hypodontia (more than 1 tooth missing in any quadrant) requiring prosthetic treatment preceded by orthodontic treatment impeded eruption of teeth (except for third molars) due to crowding, displacement, the presence of supernumerary teeth, retained deciduous teeth and any pathological cause reverse overjet > 3.5 mm with reported masticatory and speech difficulties cleft lip and palate submerged deciduous teeth ment for malocclusions in the past, an objectively significant need for further treatment was found in the case of the prevalence of abnormal overjet, crossbite, and right-sided Angle's class.
Variables occurring only in the classification proposed by Orlik-Grzybowska also significantly (p < 0.05) determined the objective need for orthodontic treatment (DHC > 3). They included: distoclusion, retrusive occlusion, canine class and all evaluated dental malpositions (mesiorotation, distorotation, mesioinclination, distoinclination, palatotrusion, linguotrusion, vestibulotrusion, palatal position, lingual position and vestibular position) in the subjects with no orthodontic medical record and such dental malpositions as distorotation, palatal position and canine class on the right side in the subjects orthodontically treated in the past.
The parameters taken into account in the Ackerman-Proffit classification also significantly (p < 0.05) influenced the need for treatment. These parameters included: asymmetry in the upper or lower arch and crowding in the upper or lower arch in untreated subjects and asymmetry in the upper or lower arch and crowding in the upper arch in patients who had undergone orthodontic treatment.
The regression function of the dependent variable was used to make an attempt to build a math- 
Discussion
Although both classifications radically differ from one another, they represent two ways to subjectively describe one problem, namely malocclusion. And as such a tool, they appear to be equally effective. As for the Ackerman-Proffit classification, occlusal anomalies were reported in 75.4% of the subjects, whereas according to Orlik-Grzybowska, this problem concerned 67% of the participants of the study. Pursuant to both classifications, distoclusions were the most frequently diagnosed type of malocclusion, which is consistent with the findings of other researchers, both Polish and international [8] [9] [10] . In the literature, however, there are differences with respect to frequency of malocclusion. For example, in the study conducted by Lisiecka [11] on Polish children, the problem of abnormal occlusion affected 2/3 of 18-year olds, while in the study conducted by Colonna-Walewska [9] , malocclusions were diagnosed less frequently, that is in 56.7% of 18-year olds, and in Hungarian studies carried out in the "Common" -common features found in both classifications; "O-G" -classification by Orlik-Grzybowska; "A&P" -Ackerman-Proffit classification. "Common" -common features found in both classifications; "O-G" -classification by Orlik-Grzybowska; "A&P" -Ackerman-Proffit classification.
same age group, the prevalence of malocclusion among high school students was very high: its percentage was 70% [12] . As mentioned above, objective indicators such as the IOTN are frequently used in epidemiological studies. Their use guarantees repeatability of results, and allows researchers to compare their results to those obtained by others [13] [14] [15] . The crucial point, however, is, what is the relationship between subjective (i.e. a diagnosis determining the treatment plan) and objective evaluation (i.e. the actual need for orthodontic treatment)? The study showed that, apart from the previously-defined anomalies, there are others that affect the value of the Dental Health Component of the IOTN, covered by the classification of malocclusion proposed by Orlik-Grzybowska and the Ackerman-Proffit scheme. The factors of particular importance include: the size of overjet, which is the symptom of most common malocclusions, distoclusions, crossbite and crowding. However, the objective need for orthodontic treatment was also found in the case of open bite, dental malpositions, distoclusions or asymmetry of dental arches. The said mathematical model is an attempt to connect the diagnosis with the need for treatment. The model explains only 30% of the DHC variation and requires the use of elements from both classifications (that is by Orlik-Grzybowska and the Ackerman-Proffit scheme). It requires a verification in the future on a larger examined group if it can be useful in practice.
When discussing the results, attention should be paid to the Dental Health Component value in the context of orthodontic treatment possibly received in the past. Interestingly, the need for orthodontic treatment was reported in 18% of treated and in 22.9% of untreated 18-year-olds. This can be explained by the fact that removable orthodontic devices -used to treat mild cases -were the main treatment method. Subsequent changes related to the patient's growth or possibly lack of cooperation on his/her part, may have contributed to the treatment ineffectiveness as well. In this study, the need for treatment was observed in 21.4% of all the subjects. This percentage is higher than in Finnish studies (15% of the subjects required treatment), comparable to British (21%) and French (21%) findings and lower than results obtained by Italian researchers (27.3%) [16] [17] [18] [19] .
The result of the analysis of the relationship between the DHC and the diagnostic elements may support the hypothesis that early orthodontic treatment resulted in a reduction of the variety of indications to therapy in the future. While in the case of untreated subjects, there were many factors that determined the need for orthodontic treatment (cross bite, Angle's Class on the right side, abnormal overjet, open bite, canine class, dental malpositions, distoclusions, asymmetry of dental arches and crowding), in the case of treated subjects, such factors were considerably less numerous. The value of the DHC among 18-year-olds who had undergone orthodontic treatment was affected by: crossbite, overjet, some dental malpositions, canine class and Angle's Class on the right side, asymmetry of arches and crowding in the upper arch.
There is a need to revise the assumptions of the authors' IOTN index -it seems that this ratio may be affected by greater number of malocclusions than it was assumed (e.g. crossbite, open bite, dental malpositions, distoclusions, and asymmetry of dental arches and crowding).
The results presented herein have shown that orthodontic treatment received in the past slightly reduces the need for treatment in 18-year-olds and revealed that both orthodontic prevention and increased effectiveness of early treatment are gaining in importance. Therefore, it needs to be emphasized that interceptive orthodontic treatment as well as efficient elimination of already existing malocclusions in children may factually reduce health care spending on adult patients.
Further studies in larger groups can significantly contribute to a better planning of orthodontic treatment and may help to improve orthodontic care at the state level.
